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Although myocardial contractility has been known to 
vary from beat to beat in atrial fibrillation, myocardial 
relaxation in this arrhythmia has not been investigated. 
In this study, left ventricular relaxation was examined 
in seven patients with atrial fibrillation (four with mitral 
valve disease, one with aortic regurgitation, one with 
secundum type atrial septal defect and one with apical 
left ventricular hypertrophy). The left ventricular pres•
sure was measured with a micromanometer-tipped cath•
eter and the time constant of isovolumic left ventricular 
pressure decline (the relaxation time constant) was cal•
culated by means of exponential curve fitting from more 
than 20 consecutive beats in each patient. 
The maximal rate of rise of left ventricular pressure 
(dP/dt) and the relaxation time constant were examined 
During isovolumic relaxation, the myocardium is assumed 
to perform isometric relaxation in which a certain amount 
of energy is consumed (1,2), Unimpaired ventricular iso•
volumic relaxation is necessary for effective ventricular fill•
ing, which comes next in the cardiac cycle (3). 
Not all interventions that modify myocardial contractility 
have an effect on myocardial relaxation. For instance, 
administration of catecholamines results in augmentation of 
both contractility and relaxation, and therefore an increase 
in the maximal rate of rise in left ventricular pressure (dP/dt) 
and a decrease in the time constant of isovolumic left ven•
tricular pressure decay are observed (4). On the other hand, 
postextrasystolic potentiation results in augmentation of 
contractility, but relaxation is unaffected (5) or even slowed 
(6). 
In atrial fibrillation, the beat to beat variation in left 
ventricular performance has been known to be the result, 
most importantly, of beat to beat changes in contractility, 
but changes in preload may play some role as well (7-12). 
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in relation to the preceding RR interval (RR1) and to 
the ratio of the RRl interval to the pre-preceding RR 
interval (RRz/RRJ), and the correlation coefficients were 
obtained. The dP/dt correlated better witb RRz/RRJ tban 
with the RRl interval (0.82 ::t 0.05 versus 0.48 ::t 0.2), 
but the relaxation time constant did not show any cor•
relation with RRz/RRJ or the RRl interval (0.03 ::t 0.21 
and 0.06 ::t 0.21, respectively). The relaxation time con•
stant was fairly constant in each patient even when the 
RRl interval and RRz/RRJ varied greatly. 
Thus, relaxation in atrial fibrillation is independent 
of changes in contractility as seen in the relation between 
postextrasystolic relaxation and postextrasystolic poten•
tiation of contractility. 
(J Am Coil CardioI1986;7:68-73) 
Despite extensive studies on contractility in atrial fibrilla•
tion, little attention has been paid to relaxation in this ar•
rhythmia (7-13). In the present study we examined myo•
cardial relaxation in patients with atrial fibrillation and 
correlated the results with the changes in contractility in 
each patient. 
Methods 
Study patients. Our patients were four men and three 
women, aged 35 to 66 years, who had atrial fibrillation and 
had undergone diagnostic cardiac catheterization. Four pa•
tients had mitral valve disease (one of whom had combined 
mitral stenosis and aortic regurgitation), one had aortic re•
gurgitation, one had an atrial septal defect (secundum type) 
and one had apical hypertrophy associated with atrial fi•
brillation (Table 1), Four patients were receiving mainte•
nance digoxin therapy. No patients had any history of angina 
or myocardial infarction, and all had normal coronary 
arteriograms. 
Catheterization and cineangiography. All patients gave 
informed consent. Premedication consisted of 5 mg of di•
azepam and 25 mg of promethazine orally 1 hour before 
cardiac catheterization. All medications except digitalis were 
withheld for 12 to 16 hours before the procedure. Cathe-
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Table 1. Patient Characteristics and Correlation Coefficient 
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Correlation Coefficient (r) 
Age (yr) 
dP/dt Versus T Versus 
Case Diagnosis & Sex RR2 RRz/RRI RRz RRz/RRI T(ms) RR(ms) 
I MS 45M 0.428 0.859 0.387 0.194 43.6 ± 3.1 619to 1,219 
2 APH 56M 0.309 0.832 0.010 0.141 43.2 ± 2.8 480 to 1,290 
3 MR 35M 0.787 0.852 0.072 -00\ 40.9 ± 2.3 598 to 1,335 
4 ASD II 47F 0187 0.729 -0.26 -0.24 29.2 ± 3.9 354 to 710 
5 MS, AR 61F 0482 0.768 -0.11 -0.14 35.9 ± 2.8 612 to 1,230 
6 MS 44M 0.638 0.845 0.170 0.165 44.8 ± 4.6 612 to 1,463 
7 AR 66F 0.519 0.868 0.179 0.165 41.3 ± 4.4 600 to 924 
Mean 0.479 0822 0.064 0.026 
± SD ±0.199 ±0.053 ±0.21O ±0.165 
APH = apical hypertrophy; AR = aortic regurgitation; ASD II = secundum type atrial septal defect; dP/dt = maxImal rate of rise of left ventncular 
pressure; F = female; M = male; MR = mitral regurgitation; MS = mItral stenosis; RRz = preceding RR interval; RRz/RRI = the ratio of the 
preceding RR Interval to the pre-preceding RR interval; SD = standard deviation; T = relaxation time constant. 
terization was perfonned by the percutaneous femoral ap•
proach, After routine right heart catheterization, left ven•
tricular pressure was recorded with a high fidelity 
micromanometer-tipped angiocatheter (Mikro-tip, model PC-
484A or PC-48 1 ,Millar Instruments), Left ventriculography 
and coronary arteriography were perfonned after recording 
the left ventricular pressure. Baseline drift was checked by 
comparison with a Statham P23Db transducer connected to 
the catheter's fluid-filled lumen for angiography. The zero 
level of the fluid-filled system was set at the midchest po•
sition. Photographic recordings were obtained at a paper 
speed of 100 mm/s, with a multichannel optical recording 
system (VR-I2 Simultrace Recorder, Electronics for Med•
icine) that included a bioelectrical amplifier for continuous 
electrocardiographic monitoring (VI205), high fidelity left 
ventricular pressure recording (V420I), a derivative com•
puter for the continuous differentiation of left ventricular 
pressure (V4202) and a pressure amplifier for the water-
~ AA, --+-- AAa ~ * 
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filled system (V2203). The differentiation was calibrated by 
passing an electrical signal of known slope. More than 20 
consecutive complexes were recorded in each patient. A 
representative left ventricular pressure tracing is shown in 
Figure 1. 
Data analysis. Using an electronic digitizer (K-51O, 
Logitec, Japan) interfaced with a I6-bit digital microcom•
puter (PC-980I, NEC, Japan), we measured left ventricular 
pressure at approximately 5 ms intervals throughout the 
period of isovolumic relaxation, defined as the period im•
mediately after maximal negative dP/dt to the time pressure 
had fallen to 5 mm Hg above left ventricular end-diastolic 
pressure. The coordinates of pressure (P) and time (t) were 
inserted into the equation: P = aPoexp ( - bt) + c, where 
Po = the pressure at maximal negative dP/dt, exp = ex•
ponential and a, band c are constants, by the iterative curve•
fitting method with the use of the algorithm of the steepest 
descent (14). The time constant of isovolumic pressure de-
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Figure 1. A representative left ventricular pres•
sure tracing. Asterisk indicates the beat of inter•
est. From top to bottom, the electrocardiogram 
(ECG), the maximal rate ofrise of left ventricular 
pressure (dP/dt) and the left ventricular pressure 
(LVP) are shown. RRI = the pre-preceding RR 
interval; RRz = the preceding RR interval. 
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cay (the relaxation time constant) was determined as lib 
(15). Beats after which the next beat occurred so soon that 
relaxation terminated incompletely were excluded from the 
analysis. The determinant of coefficient (r) of the preceding 
curve fitting ranged from 0.94 to 0.99. Correlation coeffi•
cients of the maximal rate of left ventricular pressure rise 
(dP/dt) and the relaxation time constant versus the preceding 
RR interval (RR2) and the ratio of this interval to the pre•
preceding RR interval (RR2/RR.) were obtained. 
Results 
The correlation coefficients of dP/dt and the relaxation 
time constant versus the RR2 interval and RR2/RR. and the 
range of the RR2 intervals and the mean relaxation time 
constant are summarized in Table 1. The relations of dP/dt 
and the relaxation time constant versus the RR2 interval and 
Figure 2. Case 2. Upper panel, Relation between the maximal 
rate of rise of left ventricular pressure (dP/dt) and the preceding 
RR interval (RR2) in a representative case. A fairly good corre•
lation is found. r = correlation coefficient. Lower panel, Relation 
between dP/dt and the ratio of the preceding RR interval to the 
pre-preceding RR interval (RR2/RR.). The correlation has im•
proved significantly over that in the upper panel. 
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the RRz/RR. in a representative case (Case 2) were plotted 
(Fig. 2 and 3). In general, there are fair to good correlations 
between dP/dt and the RRz interval, but much better cor•
relations between dP/dt and RR2/RR. (Fig. 2), which is an 
empirical measure postulated to be a good predictor of con•
tractility in atrial fibrillation. However, the relaxation time 
constant did not show any relation to the RR2 interval or 
RR2/RR. (Fig. 3). The relaxation time constant was fairly 
constant in each patient when the RR2 interval and RR2/RR. 
showed a wide range (Fig. 4). 
Thus, despite considerable beat to beat changes in con•
tractility, reflected by the wide variation in dP/dt, myo•
cardial relaxation stays fairly constant in atrial fibrillation. 
Discussion 
Factors affecting contractility and relaxation. Myo•
cardial relaxation is known as an energy-requiring active 
process (1,2) and is an important factor determining the 
effective early diastolic filling that immediately succeeds it 
in the cardiac cycle (3). It has been suggested that all the 
factors that augment myocardial contractility result in aug•
mentation of myocardial relaxation (4). However, obser•
vations in isolated heart muscle as well as studies performed 
Figure 3. Case 2. Upper panel, Relation between the relaxation 
time constant (T) and the preceding RR interval (RR2). No cor•
relation exists despite the wide range of preceding RR intervals. 
Lower panel, Relation between the relaxation time constant (T) 
and the ratio of the preceding RR interval to the pre-preceding RR 
interval (RR2/RR 1). No correlation is seen despite the wide range 
of the ratio. 
T 
msec 
50 .. . e:._ •• ... • 1 
r=O.01 
0~------~50~0--------~10~070--------15~00 
m.ec 
T 
msec 
50 
o 
.. ... : .- .. 
r=0.14 
1.0 2.0 
JACC Vol 7, No I 
January 1986:68-73 
~I 
0 
T 
m .... 
50 
o 
.. . .. ~:: ... . '. 
1.0 
.. ,. I, .. ... .. 
1.0 
# 1 
2.0 
RR,/RR, 
2.0 
RR./RR, 
~I 
0 
T -50 
o 
-.. I:! .... 
1.0 
' .. . :, ..•. ,. ., 
1.0 
Figure 4. Cases 1 and 3 to 7. Relation between the relaxation 
time constant (T) and the ratio of the preceding RR interval to the 
pre-preceding RR interval (RR2/RR,). Note that no definite cor•
relation is seen in any case despite the wide range of the ratio. 
on intact hearts, which have recently been more numerous, 
indicate that there are two kinds of intervention. One type 
of intervention has a similar effect on both myocardial con•
tractility and relaxation; the other affects myocardial con•
tractility but causes no change in relaxation (5,6,15-17). 
Both exercise and the administration of catecholamines, for 
example, augment myocardial contractility as well as re•
laxation (4-6). In contrast, postpacing and postextrasystolic 
potentiation induce augmented contractility in the beat after 
pacing or the extrasystole; as a result, dP/dt and the velocity 
of muscle shortening are increased, but relaxation measured 
by the time constant is not altered (4,5). 
Contractility in atrial fibrillation and postextrasys•
tolic potentiation. The beat to beat variation in ventricular 
performance in atrial fibrillation has been known for many 
years, and the mechanisms for this variation have been 
studied extensively (7-11). One contributing mechanism is 
Frank-Starling's law. That is, as the preceding RR intervals 
vary in atrial fibrillation, the preceding diastolic periods vary 
and the preload changes accordingly (8,11). The fairly good 
correlation among the contractility index, dP/dt and the pre•
ceding RR interval (RR2) in the present study may be ex•
plained by the known preload effect on dP/dt (18). However, 
in a study by Gaasch et al. (12) on left ventricular function 
in chronic constrictive pericarditis associated with atrial fi•
brillation in which preload is constant, it was shown that 
the dP/dt and the maximal unloaded contractile element 
velocity (Vmax) are augmented when the pre-preceding RR 
interval is short. Furthermore, a careful analysis by Rogel 
and Mahler (9) of induced atrial fibrillation in open chest 
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dogs showed that there was no positive correlation between 
the preceding RR intervals and the myocardial tension, but 
when the pre-preceding RR interval was fixed, the myo•
cardial tension was a function of the preceding RR interval. 
On the other hand, when the preceding interval was fixed, 
there was a definite inverse relation between the myocardial 
tension and the pre-preceding RR interval. Edmans et al. 
(10) reached the same conclusion when the relative length 
of the preceding cycle (RR2/RR,) was introduced as a pre•
dictor of contractility in atrial fibrillation. 
This empirical measure, RR2/RR" can be understood in 
the context of the recently developed model of excitation•
contraction coupling (19-23). That is, according to the model 
proposed by Wohlfart (20), activator calcium is assumed to 
be stored in a releasing compartment from which it is re•
leased in response to the action potential. The released cal•
cium is taken up by the contractile element, resulting in 
mechanical activation. Relaxation occurs as calcium is se•
questered by a primary uptake compartment. A small amount 
of this calcium is transported to a secondary uptake com•
partment, whereas most of it is assumed to be extruded 
across the cell membrane. This efflux is compensated for 
by the calcium entering the cell during the action potential. 
This calcium goes into a secondary uptake compartment. 
The transfer of calcium ions from a secondary uptake com•
partment to a releasing compartment is assumed to be time 
dependent; that is, the refilling of a releasing compartment 
after calcium release requires a certain time to be completed 
(20). This time interval was found to be 800 ms in exper•
iments on the rabbit myocardium as well as in recent clinical 
studies in humans (21,23). Therefore, the rather strong de•
pendence of dP/dt on the preceding RR interval (RR2)' which 
is not necessarily expected by the preload effect alone, now 
can be explained by the concept of the time-dependent re•
filling of the releasing compartment with calcium. 
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The mechanism for the reverse correlation between the 
pre-preceding interval (RR,) and dP/dt can also be explained 
by this model. That is, if a contraction is triggered to occur 
after a suboptimal interval, the amount of calcium released 
is reduced because there is less calcium in the releasing 
compartment. The calcium that is not released in the pre•
ceding contraction, that is, the amount still located in a 
secondary uptake compartment, will add to the intensified 
calcium influx during the action potential and in this way 
contribute to the enhancement of the following contraction. 
It is postulated that the shorter the pre-preceding interval 
(RR,), the less calcium is released for the preceding con•
traction and the more calcium is added to the next contrac•
tion, which results in a stronger contraction. 
Relaxation in atrial fibrillation. In this way, all of the 
changes in cardiac performance and contractility in atrial 
fibrillation can be explained by the same mechanism pos•
tulated for the postextrasystolic potentiation of contraction. 
Therefore, it is not surprising that the relaxation behavior 
in atrial fibrillation found in our study is similar to that in 
postextrasystolic relaxation; that is, relaxation is little al•
tered despite the wide variations in beat to beat contractility 
in atrial fibrillation. This observation provides further sup•
port to the concept that the regulation of contractility and 
relaxation is independent, at least under certain conditions. 
In the beat with enhanced contraction, which can be pre•
dicted by the RR2/RR, ratio, an increase in the release of 
activator calcium to the contractile element results in en•
hanced contractility, but the intrinsic rate of calcium se•
questration reflected by the relaxation time constant is not 
influenced by an increase in the amount of calcium. In 
contrast, catecholamines enhance myocardial relaxation by 
influencing the rate of cyclic adenosine monophosphate•
dependent processes in the sarcoplasmic reticulum (24), 
which does not occur merely with an increase in the amount 
of calcium. 
Postextrasystolic relaxation. Finally, we should dis•
cuss a minor difference in the results of two studies on 
postextrasystoJic relaxation (5,6). Blaustein et al. (5) studied 
anesthetized normal dogs and observed a fairly stable re•
laxation time constant in control regular beats and postex•
trasystolic beats with four different RR2/RR, ratios. Carroll 
et al. (6) studied 12 patients, 10 of whom had significant 
coronary artery disease, and analyzed the pressure data from 
the beat recorded during left ventriculography. The relax•
ation time constant in postextrasystolic beats in their study 
was increased in most cases. Our results in patients with 
atrial fibrillation are consistent with those of Blaustein et 
al. (5). One reason for this difference in results might be 
that the ability to handle calcium may be impaired in patients 
with coronary artery disease when the amount of activator 
calcium is increased in the postextrasystolic beat; but this 
may not be the case in dogs (or patients) with a normal 
heart. The other possibility is related to the contrast medium 
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used by Carroll et al. (6) for left ventriculography when the 
pressure data were recorded. It has been reported that re•
laxation measured by the relaxation time constant is im•
paired in left ventriculography (25). However, a more im•
portant point is that our study and the two studies mentioned 
(5,6) show that contraction and relaxation can be changed 
by separate mechanisms. In this respect, the three studies 
are in accord. 
We thank Alice S. Cary. MD of the Baptist HospItal. Kyoto for readIng 
the manuscnpt. 
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